Introduction: haemodialysis (HD) which is a form of renal replacement therapy commonly prescribed for patients with chronic kidney disease
Introduction
Haemodialysis which is a form of renal replacement therapy is usually a treatment modality for patients with advanced chronic kidney disease. However, this therapy is not without deleterious haemodynamic responses which may occur either during or immediately after the termination of the procedure, and may include hypotension or hypertension [1, 2] . The relationship between blood pressure (BP) changes with haemodialysis among patients on maintenance haemodialysis is complex and incompletely understood [3] . Haemodialysis has been shown to lower blood pressure in most hypertensive end-stage renal disease (ESRD) patients but some patients show a paradoxical increase in BP during the procedure [4, 5] . Intradialytic hypertension is defined as an increase in blood pressure during or immediately after haemodialysis which results in post-dialysis hypertension and this has long been recognized to occur from haemodialysis procedure, yet it is often largely ignored [2] . It has been shown to affect between 5-15% of patients on maintenance haemodialysis and occurs more frequently in patients who are older, have lower dry weights, are prescribed more antihypertensive medications, and have lower serum creatinine levels [1, 2] . However, studies in Nigeria documented a prevalence of 15.2-30.9% which occurred in patients with higher pre-dialysis systolic and diastolic blood pressure [6, 7] . The pathophysiology of intradialytic hypertension is uncertain, it is likely multifactorial and includes subclinical volume overload, sympathetic overactivity, activation of the renin angiotensin system, endothelial cell dysfunction, and specific dialytic techniques [1, 2] . On the other hand, intradialytic hypotension (IDH) is defined as a decrease in systolic blood pressure by ≥20mm/Hg or a decrease in mean arterial pressure (MAP) by 10mm/Hg from pre-dialysis to post-dialysis which is associated with symptoms [8] . Cardiovascular complications of IDH include ischaemic (cardiac or neurological) events, vascular access thrombosis, dysrhythmias, and mesenteric venous infarction [9] .
Intradialytic hypotension precludes the delivery of an adequate dose of dialysis, as hypotension episodes lead to the compartment effect and result in suboptimal Kt/Vurea [8] . Despite improvements in dialysis technology, intradialytic hypotension is a well-recognized HD complication, occurring in 10-70% of treatments, depending on the definition with an unchanged rate of about 25% of all HD sessions [10, 11] . The prevalence varies from 8.5-19.8% as documented in studies from Nigeria [6, 7, 12] . In addition, the incidence of IDH will continue to increase as an increasing number of elderly patients will develop CKD, and also due to the progressive increase in the number of diabetic patients with CKD. Patient subgroups most likely to have IDH include those with diabetic CKD, cadiovascular disease (CVD), poor nutritional status and hypoalbuminemia, uremic neuropathy or autonomic dysfunction, severe anemia, age ≥65, and pre-dialysis systolic blood pressure <100mm/Hg [8] . The exact pathogenesis of intradialytic hypotension is not clear, however, patients with CKD have defective reactivity of the resistance vessels as well as the capacitance vessels during the HD sessions [13, 14] . The studies on intradialytic blood pressure changes in Nigeria is sparse, despite the increasing rate in the level of haemodialysis due to the increasing number of dialysis centres. The few studies available were done among all patients undergoing haemodialysis [6, 7, 12] but our study focused mainly on advanced CKD patients on maintenance HD. We have previously reviewed our incident dialysis population and found a disproportionately higher number of older patients initiating haemodialysis. We hypothesize that there may be wider blood pressure fluctuations among our patient population given the likely increased severity and higher co-morbid conditions in older patients.
This study aims at determining the pattern of blood pressure changes in advanced CKD patients during haemodialysis and the factors influencing such changes in the dialysis unit of University of Calabar Teaching Hospital (UCTH).
Methods
This was a retrospective study that reviewed CKD patients who were on maintenance haemodialysis at the renal unit of the department of internal medicine, UCTH for a two-year period from January 2014 to December 2016. In all, 71 patients were reviewed but only 64 patients had complete data for analysis. Ethical approval was sought and obtained from the Health Research Ethical Committee (HREC) of the UCTH. Patients' medical records were reviewed and information regarding the patients demography, blood pressure measurements by automated machine attached to the dialysis bed, laboratory investigations and haemodialysis prescriptions were extracted from the dialysis records and entered into a data extraction template.
Intradialytic hypertension was defined as follows: an increase in systolic BP, post-dialysis systolic blood pressure (SBP) >10mm/Hg from pre-dialysis to post-dialysis [3, 15] , an increase in mean arterial blood pressure (MAP) ≥15mm/Hg during or immediately after hemodialysis [16] . Intradialytic hypotension was defined as follows: Table 1 shows the demographic and clinical characteristics of participants in the study. There were more were males 38 (59.4%).
Results
Majority of the participants were in the 41-60 years age category (48.4%), were on two antihypertensive medications (35.9%), had secondary education (46.9%) and were mainly business people (35.9%). The commonest cause of chronic kidney disease was diabetic nephropathy (26.6%), closely followed by hypertensive nephropathy (21.9%) and chronic glomerulonephritis (17.2%).
Vascular access was mainly through the femoral vein (59.4%) and hypertension (45.3%) was the commonest intradialytic blood pressure fluctuation. Table 2 shows the intradialysis blood pressure changes with clinical and biochemical parameters in which duration of dialysis and the number antihypertensive medications are significantly longer and greater respectively in patients with intradialysis hypertension (p= 0.002 versus p= 0.01) as compared to those with intradialysis hypotension and no significant change. The changes in all other parameters were not statistically significant but a higher proportion of the patients who experienced intradialysis hypotension had diabetic nephropathy.
In Table 3 , the post-dialysis systolic blood pressure (DSBP), dialysis diastolic blood pressure (DDBP), and dialysis mean arterial pressure (DMAP) are significantly lower in subjects with intradialytic hypotension (p<0.05) as compared to those with intradialytic hypertension; but subjects with intradialytic hypertension had significantly greater number of antihypertensive medications. Moreso, 31.0% of the subjects with hypertensive nephropathy had intradialytic hypertension while 25.0% of the subjects with diabetic nephropathy had intradialytic hypotension but these were not statistically significant (p= 0.707). In Table 4 , Post DDBP, DMAP and number of antihypertensive medications (from 2 below) are significantly lower in subjects with intradialytic hypotension (p <0.05) as compared to subjects with no significant change intradialysis. Table 5 shows the intradialysis BP fluctuations in which subjects with intradialytic hypertension had a significantly higher Post DSBP, DMAP and greater number of antihypertensive medications (p <0.05) as compared to those subjects with no significant change intradialysis.
Discussion
This study has shown that the duration of dialysis as well as an increased number of antihypertensive medication use significantly affect blood pressure changes in an advanced CKD cohort with a higher frequency of diabetic patients. There were more males with higher mean age, which portrays the tendency for the development of CKD in older males and the commonest cause of CKD in patients on maintenance HD is diabetic nephropathy. These findings are in keeping with other studies [18] [19] [20] [21] . Furthermore, intradialysis hypertension has appeared more frequent than intradialysis hypotension. This finding is at variance with other studies where the prevalence of intradialysis hypotension was higher [1] [2] [3] but this is in conformity with results from our environment [6, 7] . The difference in this finding may be due to the small sample size we had as compared to the larger sample sizes in the other studies earlier mentioned [1] [2] [3] . It may also be related to more advanced CKD and poorly functioning hearts as well as autonomic neuropathy related to uraemia in our subjects. In addition, subjects with intradialysis hypotension were younger and had higher levels of serum creatinine when compared with their counterparts with no significant change intradialysis. This is similar to findings in other studies although in our study these parameters were not statistically significant. [1] [2] [3] .
Our study demonstrates that haemodynamic responses during haemodialysis were associated with pre-dialysis or post-dialysis systolic BP, diastolic BP or MAP. These changes have been demonstrated in other studies to be strongly associated with hospitalization or death. [2, 3] . However, our study may suggest that haemodynamic responses to haemodialysis may be used in identifying patients at increased risk of important short-term clinical events due to the intradialysis blood pressure changes observed. Stidley et al. in their investigation of incident hemodialysis patients, showed that elevated pre-dialysis SBP (>160mm/Hg) was associated with lower mortality, and low post-dialysis SBP (<110mm/Hg) was associated with increased mortality [22] but a study by Foley et al. found that neither pre-dialysis nor post-dialysis SBP was significantly associated with all-cause mortality after controlling for demographics, comorbid conditions, and percentage of interdialytic weight gain [23] . In this present study, subjects with intradialysis hypotension had higher predialysis systolic BP, diastolic BP and MAP, with lower post-dialysis systolic, diastolic BP and MAP, and were on less antihypertensive medications when compared with those with increased blood pressure and no significant change intradialysis. However, these parameters were not statistically significant except for the less number of antihypertensive medications. In addition, when subjects with intradialyis hypotension is compared to those with intradialysis hypertension alone or with those with unchanged intradialysis blood pressure alone; those with hypotension had lower post-dialysis systolic BP, diastolic BP and MAP, and these parameters were statistically significant.
Our study showed that the duration of HD is longer in subjects with intradialysis hypertension, although hypotension has been shown to be associated with longer duration of HD [24] . Our finding probably reflects current understanding of the pathophysiologic mechanism which links failure to lower BP with dialysis, enhanced reninangiotensin system and/or increased sympathetic nervous system activity in response to decreases in blood volume [8] . Furthermore, intradialytic hypertension may be associated with lower dry weights of the patients but our study showed a higher dry weight. Our patients pay out of pocket for dialysis and are consequently generally under dialysed. Interestingly a number of studies supported our findings but for a different reason. Patients who do not reach target dry weights are thought to be less likely to respond to HD with an appropriate lowering of BP [25, 26] . Also, the subjects with intradialysis hypertension had higher post-dialysis SBP, MAP and greater number of antihypertensive medications when compared with subjects that had no significant blood pressure changes during dialysis. This is in keeping with findings from other studies, but the study by Buren et al. further evaluated the relationship between intradialytic hypertension and interdialytic ambulatory blood pressure [3, 27] .
Conclusion
In conclusion, intradialysis hypotension and intradialysis hypertension are present in 31.3% and 45.3% of patients on maintenance haemodialysis respectively. On one hand, the factors associated with 
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